Searching PAJ 



1/2 s<—i> 

6 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2003-031 776 

(43)Date of publication of application : 31.01.2003 

(51)Int.CI. H01L 27/105 

G11C 11/15 
H01L 43/08 

(71 Applicant : HYNIX SEMICONDUCTOR INC 
(72)Inventor : SANG-SOK KIM 
KANG HEE BOK 
LEE SUN GHIL 



(30)Priority 

- Priority number : 2001 200128132 Priority date : 22.05.2001 Priority country : KR 



(21 Application number : 2002-138288 
(22)Date of filing : 1 4.05.2002 



(54) MAGNETIC RAM AND METHOD FOR FORMING THE SAME 

. (57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic RAM capable 
of improving productivity and characteristics of a cell by forming 
an MTJ cell between a semiconductor substrate and a word line 
without a gate oxide film, and facilitating a contact step of bit line, 
and to provide a method for forming the same. 
SOLUTION: The magnetic RAM(MRAM) comprises the 
semiconductor substrate for performing a role of a base of a 
bipolar junction transistor, an emitter and a collector of the bipolar 
junction transistor provided in an active region of the substrate, 
the MTJ cell provided in the active region isolated at a 
predetermined distance between the emitter and the collector, a 
word line provided at an upper part of the MTJ cell, a bit line 
connected to the collector, and a reference voltage line connected 
to the emitter. Its constitution and forming steps are simplified to 
allow the productivity and characteristics of the cell to be 
improved. 
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1 

1 GCSBtftD-?^*?? *^A 0 
[19*313] fflBMT J -fe^tt, 'W#-<7l£&r5> 

*B i eclats v * * * ^ a 0 

r£tt««CC ffi* 6 ft £ M T J -te )V L , 

HMiBMT J -bJl/±aBtc«^6n^C7- K^>£, 

c <h ^ © <h -r h v y * ^ y ? ? a . 

[M#JH5 ] itafBMT J 42 Mi. aS3£®ffif, r>* 

[»*B7 ] B9fBC7- K^-f >©»KK:|6««I^^-* 
*ffiM.64m> & C <h T ^>lfl*3l4 CcfBiRcD v 

Hi. 

^(**ffi±aSCCHJIBC7- F^><D±»J*SHi3l*aSfl 



(2) t$gg 2003-31776 

2 

ifutBgl l BH*6iHtK«:Hugex s-^-i^u^* -«:* 
5 ft <h ffiH*ffi»«r JBflEf £ XH 

8VSB92)imttlHR±«c. tirSB2etl(cStt3n«br9 

h^-Y>*jBflEr4xai*^r^*ci*»a<fr 

3 FfilB'7- K5^><D^£~~>^Xfif£, 
4*1MA«»3R«8{cgailc!)7y*^^7AO» 

[0 00 13 

DRAMCD^^^SaS, flt77r>a^^t'J (fl 
ash memory) <D£ 5 fc^Hf^tt^* 
tf^^v 9 ^ 2* (magnetic RAM : feJT\ MRAMi 
20 SBT) *MSTStt««:BBT&. 
[000 23 

&c ticjz g ts$R^r y - Facf ^ >f h^c «b#-c # £ 
BBttSfFPC*?), »tt»«HW©4*tt«:j:i3iS» k <K* 

* y ©J: 9 fclHWBtt-rf * U HrffiaOTItttt*^**. 
30 [0 0 0 3 3 W51BM R AMtt, X f>^0£ait 

t Maqnetoresi stive, GMR) * fc*>(BffiH!§S« 

MaiStiMfflLry^y*-?-**!-*-*^^**. 

fuiegA®»tgta (GMR) m&ZmmLtcMRAM 

it. #ai4»*^^2o©»ttarxt->*rnicc*5ii 

^Jffib, GMRBB£»^*y*T-«:^Sr4«>C[)r*S. 
HJIBXt - >(Bfi^j»ia3g*%3pJfflO/cMRAM«, tfi 

BBESiswa^^yjR^twH-r**)©^* 

[0 0 0 4 3 L/^pLv BJfBMRAMK:*fT4W5Stt3ga 
tZOBSBCc*?). iCc^»Sfltt»il©»flE«:Jll*Snr 

com i <Dmm<D&mic{&2> atmram 

*XfiJKfc^L/cfc©«:7Sr»rtiia"C*S. H 1 
50 3, IP^I 7- K^-f >&J&tiL?& m CCDi# k SulB 



(3) 

3 

rt§^3 3 CC«SuSB^«(*StR3 1 £<DH«cy- 

-r > 3 3 ®MH03^tHNK3 l icy-x/ F u -f >« 
^W3 5a, 35bt««U *n«C««53n*«fl& 
«3 7aif l«lI3 7b4fRSt§, C©<t#, fu 
SBSig«ffiiar**«HfcH3 7 a ttmjfBffl 1 if|3 7 
b<DJK«p:g«pfC»JSR-r4. 

[0 00 5] *©^CK1 1 £f«ffl±»*¥*fl:3l*S» 

ii«ii3 9«Mu «9earia»wi4 1 &SEtt 
mib^i n>^>7 h?*^4 i cc«a«3n*TWy- K 

14 3©S291i^^-^>n^ £f*3!ffi±a$ 
*¥a{t31***2JBIBie««4 5«:»J«0, MIB^2 

mnifiiui4 5±*(C7^ vy-OAi-ch&mzv- 

R4 8*JB0cT*. 3 HulB^2^H4 3iS^ 

E^- KB 5 1 ktWmm2 3>^^h77^49 ©±<ffl 
6 iiutB^ F ^ ^ > 4 7 _LffiiJ * rffifr £ J: 5 (c fflSfr 

[0006] ^©^tc, huib->- k® 5 1 ±mcm^m 

ttB (S^ilfBS) % @^S8St4B (pinned ferromaqnet 
ic) 5 5, h>*;UPffigB (tunnel barrier layer) 5 
7S^aS3aifiBtttB (free ferrcmaqnetic) 5 9^11 
1>~CMTJ (maqnetic tunnel junction) -fe;H 0 0 
Bf&TZ. CCDMT J H2JH 0 0», BUlB^ r ^ > 

4 7 <fcS&4J:50c, j&vo, |ggS(D^:#3{c^^-> 30 
BflE-r*. ccr, mrsBS%«ttB»ii£B<D«{b^r^i 

i><DV$>Z> 0 fir, ttiB a SSSfiSttB 5 9 »«*b/c 
ttWtc J: 0 WfctfWaWtftU 1iireBS&&ttttB 5 9© 

saft^iftictEo "o " x« " 1 " (Dmmznm-rzct 

3Wr#«. f©:*tt\ ±f»Sffi±SPk:«r5BntfilKR6 

0 fu IB g S&SSttJI 5 9^iffl?ii, huIB @ S&ffiKB 

5 9fc»«S*i5±»y- FB, HJ%tfyF^>6i 40 

[0 0 0 7 ] — SulB^ 1 ^#11/, ftulBMR AM© 

*jftaowft*wiiirs<!:^©iior*&. mr 

y- F-7 ^ ><om 1 9- F^>(>3 3#{fx.6*i&^ 
«h7>^^loi v MTJ-feJUOO. mife£»n 
Ari*««»*J&5KU MTJWIOOMM^ 
^7>fh7'{>(Dl2 7-h*7'f>47 4 MTJ-fe 

;H oo«:giE^cc*a*»07LraiB©«ft^rpj€: 



^20 03 -3 1 7 7 6 
4 

tv&. ccr, sjsbmt j -bjn 0 ort(D«ffi*y- 
F-r&ttfttt, wib y - f ^ >©* 1 f^^>3 

3«cflH*^T«J|ija*h7>^^*«fcf¥S-l*. h5 
[000 8] HufBMT J -feJb 1 0 0rttCtf$R£iBti3i± 

i»mt x msf7>^^^7 (off) ttfluc 

or, as»»fM5 9©m»fii**«iBT*fe©r* 
^ 0 c©<h#, frsatr^ h ^>6 1 tu>4 

[00 0 9 ] 36^C, V- FB*©BWBMRAMrtaur(D 

«j»B*^L/cF>*y>y*SS*iiftti-S>C 
iCCftO, h>*JH»SB57 <fcaS5fi»ttB5 9©fi8 

{b^^Bii;r*ti«. c©F>*y>y«Sfc#*:#< 

r>*y>y®fc#/h3<fc£. cn^rTMR 
(Tunneling Maqneto resistance) xfjJfc <!: I > 5 » 0 
r, HjffiTMRS»*{CJ:S«ft©^:#3*jBftlLreS 

[0 0 1 0 ] H2«, mz<Dmffi<Dm2<Dmm<Djtmtc 
5o 02&t^3*rc(,>&j;Mc\ ¥z»#S«i 1 icc?s 

^6^c, 8yia¥^i*SSl 1 l©«14««±K:y-m 
{b^l 1 2«:Wr*y-F«ffil 1 3*^RELr, *<D 
WMCClftHilX^— y (S^«BS) *»«SL, IWB*a» 

#stfn 1 1 ©^«*p»»*aAit v-x / k u 

^>86««115a, 1 1 5 b%JBJ3E-raciCcJ:0 

h^>^**»ia-r*. c©<b^. mrfay- h 1 

1 3{CttHffia*3H*Sfii 1 1 £©SffiCcy-FBtftBt 
1 1 23&SR^6tirc»&. 

[0 0 1 1 ] CCr, MRAMl^©MTJ^(!:7>f 

H9fay-h«ffii 1 3«. #y^y=j>H/#H 
JS©«»«JS. #us/y3>Bi/s/y-9--f f (Cos i 

x. T i S i x, •••) M©SB«®, Xtt#UJ/ya> 
■/i/y*-f F (CoS i x. T i S i x, •••) /#y 
J/y3>i«lilttt»*U t y-F««l 1 3±35 



(4) 
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[0012] -tflKKoc, -ztmmii^z^mitzvzm 
immmmi 21 c<d±z. Misy-* 

EFW>«S««1 1 5 btcJgt83tt*TSI$ I J-FJB 

1 1 9fc»i^. mtmiwmmmi 2 1 
ojbwecm 2 RBmnettn 1 2 3 tins u i»k»2ibibi 

Will 2 3CC9ufBTSP';-KBl 1 9CC«tt3*i4:a 
>jr^h^yi25«R«t*. ^ etc, i!5fB3>* 
^h77^125, BP%T»U- KB 1 1 9&C*g|iS3ft 

1 2 7ttfljiBJ&l 9- F^> 1 1 3£+#S#&J:5 

ccfijfsjjri i 3<D±fflij*r^r&. * 

Or, «ES/- FIB 1 2 7*«ti3tf*.fc5«:»3BfB 
tfittRl 2 9*JBJSSr*. 
[0013] *C0;X«C, MIBf - FJH 1 2 7 ©XfflKM 
TJ«fe;H3 7*JB««#, OTB»17-F9-f>l 
1 3®±ffilCCj£jft'9"&. C<D<b#, SulBMT J -b;H 3 
7tt, HuiB->- FB 1 2 7fc«tt3ft*K?fflBttJB (13 

. mmmt&m 1 3 1 , f >*jhw»b 1 3 3 

S^i**«ttJBl 3 5<0»JB»JS«rJBfi!EUTJteO, M 20 
TJ-fe;H 3 7*?gfiR-rSfc«>©^^4*iJflaL^^- 

->yOT^jsRUfcfc©-ca*. huIBMTJ 
-feJU 1 3 7*BfflS-t*4^ffl{fcSnyt»4JBW3»«JBil 
3 9t*lSU BUfBMT J -fe;H 3 7 ©SSS&SKttB 1 

3 5fc&R3ti«tf? h7^>. BPfciSW-FBl 4 
leMf^cifc^D, #lfci!JiCc«£M RAM-fed/* 

[ooi4] u^<owM<om2<ommmm^%hMR 

9- F^-r> l i'3-e***'- F*«<fctr ^ F^-r > l 30 

4 1 cc«a*«Lr»^*«»**ijffloas*»ttJB 

1 3 5©»ffc&Rl«IE , r*^ *17-F5-f>l 1 
3**'W (high) (CttOMT J -feJH 3 7^U/c^lS 
#F^>^***/hLrSi**EE«l 17CC|fiwm4J: 
9(c«:«. cti*l»^fc«e>. i««E«l 1 7K«« 
HE*HlttLTBai«ffi«ffi*W**C4«:J:»). MTJ 
•feJU 1 3 7*j^/c«&# F^>^X**/M/TSie« 

BuSBS*si»ffi» lnjcvss s**wi£aJttrr&<fcft 
cc. i^NHts&i 1 ncvb s at««aE«rHJ»pr* 40 
c^t^ 0 «cte, gnesvmEMii 1 1 warns. 

[0015] 

[*WIB«LJ:5iT5IHI] ffiiSM>J:5K:, BIS 

T-OJBiiaM b*HBI«: -T -5 F«m£#& 6 . 
[0016] Wascoi: ^tt8e*©fiaB©HBl 50 
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- F-?-f >©bbk:mt j -fe^g^u tyh7-f>© 

^ > ^ ^ F Xg*S« fctf 5 C i #T # & cfc 5 CC ^£>«} 
JSRt«BJiJE*ffi *«*«:"r 5 C <b tc J: 0 % *^coSBtt 

[0017] 

[iSMa^ft?*-r^/c^(D#s] *^cdi»*5 ltciett 

- f ^ a >s ««x«8a««#cc j: o toaaaqeftr 

[0018] fS^gt 2 fc8Btt©*9Jtt, tmm 1 CCIBtt 

[0019] SR3893 CCE*©»MW, IMI 1 CClBiJt 

[0 02 0 ] 811*314 CCiBt80«9i«. 7^^7 
«x. #-^&t^ F7>^ ^cdx ^ * 
lulBMT J ■te;l/±ascc(iiL6ti&'7- F^-Y><t, MIB 

[0021] st*^5 ttcimomttt. m*m4 ccists 
s$?si*b, F>^^PSsaso'@^?ai4HcD»B«ii 

[002 2] SB*3B6 «BJSOSMH«, M*3H4 CciBtS 

[002 3] 7 CClEiSOIIB^^, fi5R^4 CClBiS 

<Dv^*^ ^^A«:fct^r v filB^- F^-Y>CD(WM 

[0024] if^S 8 {CIBK©»?8». 
<b, ±»affi±»CCHffiS««ttJB, F>*il/»fiJBROf 

a*as»tt»©»iB«js*»ffir4xsi. mnmm& 



>~7X ^ Lfc »; 7^77^ Xff&O* x * > ^x 

ar^*--^>^0TMT J -fe;u±cc9- F^>fSH 

± . Mia® i JinfBikgieciniex v^-ini/^- 
at, *tt*ffl±aBcc»2JBim*i»Bi*»flE-r*xs 10 

[0 02 5 ] SS3399 CCKtt(D«W«, 1*4(98 CCffitt 

[0 02 6]*»IB©JIWH*ycOil0r**. y-hK 
*#lST***> y-^/KU^>S^««<S:-3E8B*ilB 20 

tt&Ccr&'W 7g^ h7>'^ ^CDA^MS^CM 
43^, C©SB»3^MTJi2JKZ>a*5liaEffiBra{b 

•fe^Ksatt $ n/ctf $R&ct£ o r gfc £ 9 &c «t o , But a 
mt j fe^osffiaoswbKm h ^ > 

[0 02 7 ] 

-^S^ h ^>^X^CD^-X (base) 6Cfflt»6474* 

^<*s«2 iu, Hyfa^zi{*as2 i i©?gtt««(c 

T«Y>77>hIltM$n^x^ ^-213 
aM'3l/^^-2 13bi, fflB^^ -^-213a 
<hnu^£-213b (DW cDrSttM^^Miax ^ * £ - 
2 1 3aini/^-2 1 3 b i-3E®*BIBI3 tiXB 
J&£tl&MT J -fe;U2 2 1M9- F^>2 2 3<D?S 
B«iS<b. BulBn £-2 1 3 b«c«RS*i4tr* F 
7^>2 3 5 imiiax^ * £-2 13 a&C^$tl-2>S 50 
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»«BB»2 2 7-C«lfiE3tirt^. CC"C, SufEMTJ 
^2 2 1^9-h*7Y>22 3flOTSB«cy- FffiMtK 
Ht»J«S tittle 

[002 8] COi^ 4 BUIBX5 » jf-/3 U^£-2 
13a, 2 13b«. v^^^L/^>77>M 
fir^3ftfcfc<E>"C*S. &4b\ BtiiaMT J -fe;U2 2 

itti£«itti2 i 5, h>*)immm2 1 7ro*s 
Mfaa*««i4»2 i 9 & mimwmmm 2 1 5 

"o" ^ "i" i^cc 3 ^vL±_<D&mT- %i?mm* 

W1-^C<bOT^^,<i;^cl-^ fl fglEfc:** F~> 

Y>23 5 5ilg|i2 2 9i3>^^h77y2 33'C 
milB^U^^-2 l 3 bteSSBfcSftS. 
[0 029] flr8E0 3*#JHU MIEv^^^^^^A 

<*S1£2 l l<DrSf4««o^%xs 

K) *»«EU l l 

7>hLtx^7$-2 13a<b3U^^-2l3b* 

■2 is, F>*ji/»a»2 1 7acxasas«EttJB2 1 

(EI^BS) £*»JJB0fc:7* F 1/7^77^ (photolit 
hoqraphy) ISSO'X * ^ > yiarHSSMBttJB 2 1 
5, F>*;H»fiJB2 1 7SUfB*»8attlB2 1 90S 
mm&*'*Z-~>#L, mmVt (island type) (DM 
TJ^221 

[0 03 0] h*7-f>ffl^M^ 

h'JV^77^ Xfl&O'x 9 ^ > ^XflT'fufE »7 — F-7 
Y>ffl*lM^ , i'-->^ir7- F^-r>2 2 3£ 
Jf^T-2»c<btcJ:0, MTJ-b;l/22 1S^7-K7^ 
>2 2 3W?ti/cSMMt^. CCt\ huSE? 
-F^-Y>223 «±fffl^:-7X ^Jfeil*«3nrt& 
JS«ptt^±b/cfe<Dr*^ 0 CCDi#, mflEMTJ-fe 
;l/2 2 1M*7 - F^-Y>2 2 3 ©SJ1«IJS«, fulEx 
^^^-2 13binu^^-2 13 a©lffl©fi5ttffl« 

cc*tien-jEE*iH*is nr jbsrs ne„ 
[0031] -eco^ic, ±««ffi±a%^FSfb3i*-ssf 
i»iH*fti»«2 2 5*«fiR-ri. cotz. mnzmim 
mmmm 225 tiBufE 9-F9-/>223 o±iw»hi 

rflffi^2 2 5tcMiax^ ^-213ai3l/^^- 
2 1 3 b(C-€-ft^*ig^3tt£»iBS2 2 9 tmmMK 
i2 2 7?:M«o *©^CC. ^f*^ffi±§PCc||2 @ 
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[0032] $ s>fc, mmm2mmmmm2 3 1 ccMie 

y^>^XerSW2»2«BHftl»«2 3 1 *x??>£f 
I/, mFiaa*£^2 2 9 ijSfflS -l*ri?gBa*S«2 29tc 

#1/, «r8B92nniuui2 3 l&mm-rzxtmc^m 

lex. v t<DWc, mitt? Y^A 

>3>^^h77i/2 3 3&C*g|£3*l&bf ? h^>2 
3 5*JBfiRT*. fTIBtr^ h7-^>2 35« 

BUfBfcT* h^-f >n>*£ h77^2 3 3&tg£Si*ft£ 

[0 0 3 3 ] BfHeH3*#JH0. 7^f^7A0i 

(write) ttm*. b7>*sA2±Gfrt>K>rj:< V- Fv 
022 3 <bt>, h7^>2 3 5«c*ift*ifc^c<fc«:j: 
Dfft>n^„ liME9- F^>2 2 3fc«**i*T<fc* 
MT J 2 2 1 naSoa^SftttttH 215ig 
(412 1 9<30fflk:jgSE3n*h>*JH»SJi2 1 7 CDS 

[0 034] ±T*rRU&>6mraflK«ff*<Dfta[r5£ 

^T£C<ttefc&iit[fB'7- K7^>2 2 3 it'^h7>f 
>2 3 5 -C<D««fiS^a«©^rnIiH8ptt. MT J iz;U 
2 2 l©a**fiai4B2 1 9©»fb#ffl*2trfr|fiJK:K 

njffi«cr4. IBttttff *ff o/c*iflJSBMT J -fe;U2 2 

ioai^«ttii2 i 9©afb*rsj»* If%ffitti2 
i 5<D«^rfii{c*rui5iD*r«). s*t*«i. x»ffiK<z> 
WSfcttT^ecKWfcti*. MiB@fi^effit2 1 9 

[0 0 3 5 ] ^-^ORHrtfcfttt* b'^h7>f>235 
£9- F^>2 2 3CC«EE*EPftI-r&. C ^ 
i^S^cCOo tufB»7- F^>f>2 2 3teEPJjn£ftfc^ 
EECCiOaSS^MT J -fe^2 2 1 ^/MtSn^i, M 
T J -te;U2 2 1 0«!Secj:**E»T**fiRL/T: r ^> 
^**©A#»?\ fiP%^-*t?*S*«ttS«2 1 1 
$C*P5tp£fgH£MT J -fe;l/2 2 KOiSCifflCCSe^r^t 

-2 l 3 b^l^aU^^-2 1 3 bCC, Xte^ 
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v*-2 1 3b*fflCitiBi$ v$-2 1 3 bKSlfrft 

[0036] *ftW<Dffi(OieSS©JBfi8«, ml IBM T J -fe 
)12 2 I &Cftx.TAMR (anisotropic maqneto resist 
ance) , GMR, Xf># (spin valve) , 5fi»tt»/ 

£js • *sw*^ -/ ^ y * Kfltt. in- v«Mtt*aw* 
£k (*^s> /*«M*»^*a. cmr 

10 (Colossal Maqneto-Resi stance) 3$<DJ: 5 ttfiEMbXt* 

[0037] *&m<D2 t>tcm<Dmm<Djtmi<z, buibm 
t j -tr ;u 2 2 1 * h ^ * tcm&wxit-r. msm 

/dtt-cfc < sa:^ -f f 5 * cc &3gra 

«Cim^ 0 »i*r, Ga A S^CDIII- V^tc 
M^Al/cHBT (Heteroi unction Bipolar Transis 

tor) *ja«-rsc<fcfcr*a. *#ihj«mtj 
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